Objective: To estimate morbidity in Denmark in all patients with GH deficiency (GHD). Design: Morbidity was analyzed in 1794 GHD patients and 8014 controls matched on age and gender. All records in the GHD patients were studied and additional morbidity noted. Diagnoses and dates of admissions were identified in the National Patient Registry. Lag time until first admission was used as a measure of morbidity. Patients were divided into childhood onset (CO) and adult onset (AO), discriminated by an age cut-off of 18 years at onset of GHD. Method: Sex-and cause-specific hazard ratios (HRs) in CO and AO GHD compared with controls. Results: Total morbidity was significantly increased in the GHD patients. HR for CO males: 3.1 (95% confidence interval (CI): 2.7-3.7), CO females: 3.2 (95% CI: 2.6-3.9), AO males: 2.9 (95% CI: 2.6-3.2), and AO females: 3.2 (95% CI: 2.8-3.6). In 18 out of 20 chapters from the International Classification of Diseases-10, a significantly increased morbidity was identified for at least one of the four subgroups of patients. Morbidity was significantly increased in all the four subgroups due to infectious, endocrine, pulmonary, urogenital, and neurological diseases; cancer; diseases of the eye, ear, and circulatory diseases; and traumas. Fractures were significantly increased in AO females, not in males.
Introduction
The morbidity in patients with growth hormone deficiency (GHD), often in addition to other pituitary deficiencies, has been described in a number of clinical papers, typically focusing on clinical measures of disease, for instance cardiovascular risk markers. In GHD children, there is an increased risk of fractures (1) , and reduced bone mineral density (BMD) has been reported (2) . Furthermore, the treatment (e.g., irradiation) of children with pituitary disease eventually aggravates these disturbances, and may to some extent eclipse the relative impact of GHD (3) . A decreased severity of cardiovascular risk factors in adults with childhood onset (CO) compared with adult onset (AO) craniopharyngeoma was identified (4) . In adult GHD patients, the metabolic changes after treatment with GH have been described in detail (5, 6) . Finally, several studies have shown that GH replacement improves cardiovascular risk factors (7) , tends to normalize body composition (8) , and induces anabolic changes (9) . A variety of disorders such as cancer, gene defects, apoplexies, trauma, and others might result in GHD in children or adults. Hypopituitary patients comprise a heterogeneous group, and an increased morbidity in GHD patients is a natural consequence of these clinical findings. However, morbidity in hypopituitary adults, including GHD, has only been described in one epidemiological study (10) . Here, morbidity in GH-treated adults with GHD and in a relatively older group of non-GH-treated hypopituitary patients was studied. No difference in cancer or cerebrovascular events in 289 GHD patients on GH treatment compared with the background population was identified. By contrast, these events were significantly increased in the non-GH-treated hypopituitary patients. Among children and adolescents treated with human pituitary GH, the risk of secondary neoplasia during 1959-1985 was increased (11) .
In this nationwide study of patients suffering from GHD, a diagnosis verified by a thorough examination of individual records, the total and cause-specific morbidities compared with age-and gender-matched controls are described.
Materials and methods
The patients have previously been described in detail concerning identification in registries and definition of the GHD diagnosis (12) and concerning mortality (13) . Three registries identified the primary cohort: the Cancer Registry (CR) that registers patients in Danish hospitals with a cancer diagnosis; the National Patients Registry (NPR) that registers all inpatients and, since 1995, all outpatients; and the Causes of Death Registry (CDR) that registers causes of death in all deceased Danes.
In CR, we applied for topography in proximity to the pituitary gland and both benign and malignant morphologies. In NPR, we searched for all hospital activities coded with diagnoses with an increased risk of GHD, using International Classification of Diseases 8th edition (ICD-8) and 13) . From CDR, we identified all cases with specific hypopituitary diagnoses. The cases from CR, NPR, and CDR all had an increased a priori risk of having GHD.
Criteria for the GHD diagnosis were based on clinical and laboratory findings. The interpretation of the stimulation tests were based on current consensus guidelines (14, 15) . The criteria for patients without stimulation tests were based on data from studies in patients with previous radiotherapy (16), with two or more additional pituitary hormone deficiencies (17) , and with insulin-like growth factor-I (IGF-I) below K2S.D. (15) , showing that such patients with high probability also suffer from GHD. It is important to stress that the diagnosis GHD was only applied when the clinical context was relevant, in order to minimize the inclusion of false-positive persons. In short, we identified 9131 possible GHD cases in three national registries and verified the diagnosis of GHD by studying their individual records, during which we visited 125 hospitals and archives. All departments with registrations gave permission to read the records. In total, 2205 patients fulfilled our criteria of GHD.
In describing the cohort, the following dates are important: 1) the date of onset represents the estimated date the patient became GH deficient; 2) the date of sufficient information represents the date when the date of onset was notified in a record; and 3) the date of registration represents the first date when the patient is noted in any register. For each patient, the date of entry of GHD was defined as 1) the date of first registration in the registry or 2) the date of sufficient information that ever came last. It is necessary to use the latest date, since patients must have been both registered to enter the primary cohort of possible cases, and the record must contain sufficient information to ensure a correct diagnosis of GHD. The entry date is considered as the incident date and does not necessarily represent a diagnosis at the hospital, since only some of the patients had been formally tested for GHD at any department. The date of onset is not used for the calculation of start of risk time, and rather used to give a rough estimate of the difference between the dates of entry and onset, defined as 'delay'. Delay represents the period during which patients had GHD without contributing to followup time. The date of entry occurred during 1980-1999 in 1823 patients.
The patients divided into adult and CO GHD were discriminated by a cut-off age of 18 years at onset. Patients with AO were divided into four age groups according to age at the date of entry: !45 years of age, between 45 and 54 years, between 55 and 64 years, and 65 years of age or more.
To obtain controls, we used The Central Office of Civil Registration (OCR). Here, vital statistical information including birth, death, and emigration for Danish citizens is centralized using the unique central person number. On August 6, 2004, OCR matched the 1823 patients with up to five controls each. The controls were matched on gender and age (month and year of birth) and were alive on the date of entry. For 29 patients, no controls were identified; they were omitted from all calculations. We retrieved 8014 controls for 1794 patients. These patients and controls were used for all calculations, unless specified differently.
Since 1977, the National Patient Registry (NPR) has been registering all diagnoses at discharge of inpatients, and from 1995 all in-and outpatients linked to the date of admission. The registration is compulsory and ICD-8 was used during 1977-1993, and ICD-10 during 1994 to the present. Diagnoses were translated to ICD-10. The diagnoses and the corresponding date of admission for patients and controls were identified in NPR September 10, 2005. All admissions without discharge before this date were not included in the identification. However, as follow-up ended on August 6, 2004 , the number of admissions not identified is limited. Every admission had one primary diagnosis and a number (including none) of secondary diagnoses. For all calculations, diagnoses that led to the initial identification of the 9131 possible GHD patients (12) were omitted. Other diagnoses registered at the same admission as these particular diagnoses were included, unless specified differently. Morbidity was defined as lag time from the date of entry until first relevant diagnosis in NPR comparing patients and controls. In case of no diagnoses, end of follow-up was either the date of death or emigration, or August 6, 2004 , whichever came first. For the calculation of causespecific morbidity, we divided all diagnoses into 20 ICD-10 chapters. For each chapter, the first diagnosis was identified and used for the calculation of lag time. Similarly, for total morbidity the very first diagnosis after entry was used, regardless of the chapter.
Based on the information from clinical studies of the consequences of hypopituitarism, the following chapters were selected and divided into sub-chapters according to ICD-10: endocrine diseases, circulatory diseases, and pregnancy and childbirth. Furthermore, morbidity due to fractures was identified and analyzed. The sub-chapter analyses were performed on males and females with AO only. We chose not to analyze the cancer chapter in more detail, since it had been planned to use a more stringent approach employing registrations from the CR in a future analysis.
The patients have per se an increased risk of admittance to a hospital compared with the controls and hence an increased risk of being diagnosed with a disease that in itself would not lead to an admission (18) . To evaluate the possible effect of this bias, we repeated the analysis applying two other approaches: 1) omitting all admissions with diagnoses used for the initial identification of the patients and 2) only considering primary diagnoses. Furthermore, as death can be considered the ultimate morbidity, deaths (excluding accidents) occurring without a diagnosis at a hospital will underestimate morbidity in both controls and patients, but not necessarily induce bias in the comparison. We repeated the analysis on total morbidity including death as admittance to a hospital.
Deficiencies of the other pituitary axes were defined as follows: adrenocorticotrophin: an insufficient response to metyrapone or synacthen, thyrotrophin: blood sample combined with a clinical decision of deficiency, follicle-stimulating hormone/luteinizing hormone: blood sample combined with a clinical decision of deficiency or a clinical definition of deficiency, and antidiuretic hormone: a positive thirst test or clinical suspicion of deficiency combined with successful medical treatment for more than 3 months. The patients were defined as deficient on the relevant axis if one of the above was deficient at any stage, or they were substituted for the axis.
The study was approved by The Danish Data Protection Agency, The Research Ethics Committee, and Doctors' Counsel in The Danish National Board of Health.
Statistical analysis
The characteristics of the patients with CO compared with AO GHD were compared using the c 2 test. Morbidity was defined as lag time from the date of entry until admission with a relevant diagnosis in NPR. Morbidity was analyzed with Cox regression using each patient and the matched controls as a stratum. Hereby, the comparisons were adjusted for gender, age, and calendar time. Differences in relative morbidity with age at entry were analyzed using Cox regression applying age at entry as a linear variable. For the analysis of morbidity within the patients, we used Cox regression stratified on age at entry (5-year intervals); no controls were included in this analysis. There was no correction made for multiple comparisons. All results are shown with 95% confidence limits and P!0.05 was considered statistically significant. Stata 8.2 (Stata Corp., College Station, TX, USA) was used for all calculations.
Results
The characteristics of the four subgroups are described in Table 1 . Up to 30% of patients had been irradiated, most being CO, while w70% of AO were subjected to surgery.
For the following analyses, it is important to note that morbidity data are compared with controls, unless specified differently.
Total morbidity
We identified a significantly increased total morbidity in the GHD patients and no difference in morbidity between the genders in the four subgroups ( Table 2) . Analyzing patients only, no gender-specific difference in total morbidity was identified in CO (Hazard ratio (HR): 1.0, 95% confidence interval (CI): 0.8-1.2); however, females with AO GHD had a significantly increased morbidity compared with males (HR: 1.1, 95% CI:
Death was included as admittance to a hospital, and the significantly increased total morbidity changed only marginally for the four subgroups (data not shown).
Cause-specific morbidity
HR was calculated in 20 chapters in both genders in CO ( Fig. 1 ) and AO GHD ( Fig. 2 ; Table 3 ). For all the four subgroups, there was a significantly increased morbidity due to infectious, cancer, endocrine, neurological, circulatory, pulmonary, and urogenital diseases; diseases of the eye and ear; trauma; and observations (corresponding to admissions where a disease had been suspected, but not identified). Females with childhood and AO GHD had significantly decreased HRs when calculating the sub-chapter of pregnancy and childbirth.
We then analyzed data 1) excluding all admissions with diagnoses used for primary identification of the patients and 2) including only primary diagnoses (Table 3) ; generally, however, most HRs were still significant.
Cause-specific morbidity (sub-chapters)
In endocrine and circulatory diseases, we identified several sub-chapters with significantly increased morbidity for AO GHD patients, whereas the morbidity due to pregnancies was significantly decreased in two subchapters (Table 4) . Furthermore, we pooled all fracture diagnoses and identified the HR for males 1.0 (95% CI: 0.8-1.3) and females 1.4 (95% CI: 1.1-1.7).
Age-specific morbidity
In the age groups 45-54 and 55-64 years, we identified an increased total morbidity in females compared with males; however, this was significant only in the latter age group (P!0.05; Table 2 ). We found a significant reduction in total morbidity with advancing age at entry in males (P!0.05), but not in females (PZ0.58). This reduction in morbidity with advancing age at entry was also present in the following chapters for males: cancer; endocrine, mental, neurological, eye, ear, pulmonary, gastrointestinal and urogenital diseases; and trauma (P!0.05 for all; Table 5 ).
Subgroup analysis
Cause-specific morbidity was calculated for three different subgroups: excluding all patients with a malignant or possibly malignant cause of GHD and craniopharyngeoma, excluding all patients with former acromegaly or Cushing's syndrome, and excluding all patients who received irradiation as well as their controls. All calculations were repeated corresponding to Table 3 (data not shown). Most significant HRs remained significantly elevated (Table 3 ). After the exclusion of patients who received irradiation, the HR for the cancer chapter was still increased (males' CO: Table 1 The characteristics of patients with growth hormone deficiency (GHD) in childhood onset (CO) and adult onset (AO) discriminated by an age cut-off below or above 18 years at onset of GHD. Onset is when the patients became GHD, entry is when follow-up begins, and delay is the difference between entry and onset.
CO AO

Males Females Males Females
Number of patients a 299 (9) 187 (7) 732 (40) 576 ( Table 2 Hazard ratios (HRs) of total morbidity in childhood onset (CO) and adult onset (AO) growth hormone deficiency (GHD). Furthermore, morbidity in female versus male patients, both compared with controls, and number of patients is given. CO and AO were discriminated by an age cut-off below or above 18 years at onset of GHD. AO was subdivided according to age at entry. Significant HRs are given in bold. a Number of males are given in parentheses.
CO AO
5.4 (95% CI: 3.4-8.5), females' CO: 4.6 (95% CI: 2.7-7.8), males' AO: 2.0 (95% CI: 1.6-2.4), and females' AO: 1.7 (95% CI: 1.3-2.0)). Furthermore, we calculated total morbidity for the four subgroups in patients with isolated GHD, in patients who had been operated, in patients who had been irradiated, and who were treated with GH (Table 6 ).
Discussion
In this first nationwide study on morbidity in patients with GHD, we identified a significantly increased total morbidity in childhood and AO GHD for both genders compared with controls. In 18 out of 20 ICD-10 chapters, at least one of the four subgroups had a significantly increased morbidity. Furthermore, morbidity significantly decreased with advancing age at entry in AO males. The major findings were the significantly increased total morbidity in all the four subgroups of GHD patients, even after exclusion of high-risk patients. However, these data do not identify whether the increased morbidity is due to the pituitary status, treatment or lack of treatment hereof, surgery, or irradiation, but rather that the morbidity in the GHD patients as a cohort is significantly increased and thus probably reflects the consequences of pituitary disease. In patients with AO GHD, about the same number of males and females received treatment with GH; thus we believe that GH treatment cannot explain the increased morbidity in female versus male patients.
We analyzed morbidity due to endocrine diseases in sub-chapters. We identified a significantly increased Figure 1 Hazard ratios of morbidity in childhood onset (CO) GH deficiency (GHD) divided into 20 ICD-10 chapters. CO patients have an age at onset of GHD of !18 years. Males are represented in black circles and females in white circles. morbidity in the thyroid among the patients. This may truly reflect a dysfunction of the thyroid gland, especially as the coding of pituitary dysfunction of the thyroid axis according to the ICD-10 was allocated in the sub-chapter of other endocrine organs, but we cannot exclude misclassification at the time of discharge. An increased number of cases with primary hypothyroidism after radiotherapy and chemotherapy for a childhood brain tumor have been described in a cohort of Danish patients (19) . The increased morbidity caused by diabetes was not surprising, it being well established that patients with GHD have reduced insulin sensitivity (20) , and this may contribute to the increased circulatory mortality in women (13) , as may untreated hypogonadism (21) . A recent Swedish study identified a significantly increased prevalence of diabetes in women (nZ351), but not in males (nZ399), possibly due to a smaller study size (22) . Since a more manifest increase in morbidity due to diabetes, especially among males, could have been expected, the diagnosis of diabetes may be underdiagnosed in AO GHD males. Thus, a relatively increased circulatory morbidity and mortality in males compared with females would be expected. However, recently, we reported an increased mortality due to circulatory diseases in females in all age groups, whereas the circulatory mortality in males was increased only in the oldest age groups (12) . Therefore, the relatively reduced diabetic morbidity in male patients compared with female patients may be correct. In line with the previously identified increased circulatory mortality, we also found significantly increased Figure 2 Hazard ratios of morbidity in adult onset (AO) GH deficiency (GHD) divided into 20 ICD-10 chapters. AO patients have an age at onset of GHD of 18 years or more. Males are represented in black circles and females in white circles.
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www.eje-online.org Table 3 Hazard ratios (HRs) of morbidity in both genders in childhood onset (CO) and adult onset (AO) growth hormone deficiency divided into 20 International Classification of Diseases-10 (ICD-10) chapters. Eventual changes in statistical significance of the HRs are shown using different approaches to the analysis. Table 4 Hazard ratios (HRs) of morbidity in both genders in adult onset growth hormone deficiency (GHD) divided into four age groups. Only overall significant morbidities are analyzed ( Table 2 ). Adult onset (AO) is corresponding to an age at onset of 18 years or more of GHD. Significant HRs are given in bold. Trauma and intoxications
CO AO
NA, not applicable. a Not significant after exclusion of patients with cancer diagnoses. b Overall HR not significant (Table 1) .
morbidity in five out of ten circulatory sub-chapters, including hypertension, cardiac ischemia, and cerebrovascular diseases, in both genders of AO patients. Furthermore, we identified a significantly increased risk of obesity in these patients, obesity also being an established clinical finding (23) . Moreover, many hypopituitary patients become obese due to hypothalamic disorders, potential over-substitution with cortisol, or decreased physical activity due to decreased muscle mass and vitality. The increased morbidity caused by metabolic diseases (Table 5) is partly due to the fact that disturbances of the salt balance are included in this sub-chapter (data not shown). These findings are supported by an increased level of perceived health problems in hypopituitary patients (24) . Interestingly, there was a significantly decreased HR for all females with GHD in the chapter concerning pregnancy and childbirth. This may imply that they either have a reduced number of pregnancies or a reduced number of complications during pregnancies. Since in sub-chapters for AO patients a significantly decreased HR of normal, as well as complicated deliveries, had been identified, we conclude that these women have a decreased number of pregnancies. It remains to be clarified whether this was due to lack of interest, lack of partner, or reduced fertility. Previous studies have shown high-risk pregnancies in hypopituitary patients (25) and a reduced ovarian function in adult survivors of acute lymphoblastic leukemia in childhood (26) . Reduced fertility in survivors of childhood cancer has been described earlier (27, 28) , but data on fertility in adult women with hypopituitarism are scarce.
In females with AO GHD, we identified a significantly increased risk of fractures, while the risk of fractures in males was normal. It is well established that non-GH-treated male and female hypopituitary patients have a reduced BMD compared with controls (29) (30) (31) , and that after 3 years of GH treatment of GHD patients BMD significantly increased in most re-examined regions (32) . Furthermore, an increased risk of fractures among males and females with AO GHD not treated with GH compared with a sub-sample of the background population has been identified (33) . However, in hypopituitary patients 60C years of age at examination, Toogood et al. found no alteration of BMD compared with controls (34) . The increased risk of fractures in females but not in males may be due to a reduced percentage of properly treated females with hypogonadism (10% (males) vs 24% (females) of the adult hypogonadal patients younger than 55 years at entry were not treated with sex hormones; Table 1 ).
We identified HRs in selected groups of patients, either characterized by having isolated GHD, at any period having been operated, irradiated, or treated with GH. Here, it is important to emphasize that the timing of the treatment in question is not taken into consideration; thus, the patient might for instance have been irradiated at the end of the time at risk. In addition, the time period and dosage of GH are not included in this calculation. We would therefore not consider direct comparison between the groups feasible. However, it is noteworthy that the HRs seem to be severely increased in all the four subgroups in irradiated patients, and that GH treatment only seem to change the HR in AO females. However, the findings must be considered with caution.
Since all patients had been admitted to hospitals at least once, they had an increased risk of being diagnosed with other diseases. To control for this surveillance bias, we omitted all admissions related to the diagnoses used for the initial identification of the patients. We consider this a very conservative measure of morbidity. Furthermore, we analyzed primary diagnoses only; thus we focused on the most serious disease. The majority of significant HRs remained significant in both analyses. Furthermore, we identified hardly any change in total HR in the analyses including death as event.
In conclusion, most HRs were significant even using the most conservative analyses. However, surveillance bias may still be present, and therefore the interpretation of specific HRs including CIs should be undertaken carefully. The diagnostic criteria for the definition of GHD changed over time, and the GHD patients were identified using an algorithm as described previously (12) . The validity of the registers is generally high but caution should be taken in interpretation of data. Physicians may have an increased clinical awareness of certain clinical consequences in the GHD patients, for instance diabetes mellitus. The size of this surveillance bias is difficult to estimate and may overestimate morbidity in the GHD patients. Every registration increases the chance of additional diagnoses, diagnoses which in themselves would not result in an admission. Even significantly increased HRs may be subject to this phenomenon, especially when registrations are limited. Patients with known diseases have per se a higher risk of being diagnosed with other diseases (18) . For the definition of morbidity, we used lag time until first relevant diagnosis at a hospital. The number of diagnoses or the impact of diagnosis could have been applied as well. The number of diagnoses is increased in the GHD patients, and the impact of diagnoses is difficult to estimate; thus, we did not perform these analyses. It is important to emphasize that patients are defined as such from the date of entry, an arbitrary date applied to ensure identical epidemiological terms for all patients, and not from the date of onset of GHD. Thus, only persons with GHD, who survive until the date of entry, are included in the analyses. This may to some extent underestimate morbidity. The strength of the present study is the national identification of GHD patients applying the same approach to all Danish hospitals. In Denmark, the access to hospitals is free and all citizens are covered without expenses. Only a very limited number of admissions that increased to w1% in 2003 were at private hospitals (source: www.sst.dk). Possible socio-economic differences between patients and controls can therefore be neglected regarding choice of hospital. All controls are randomly identified from all Danish citizens, and the matching for age and gender of patients and controls results in identical conditions, including calendar time. Using such an approach, the annual number of persons lost to follow-up is limited, and none in this study was lost. The use of central person number uniquely links patients as well as controls to information in NPR. NPR covered ambulatory patients only from 1995 onwards; thus an increase in registrations after 1995 is expected. Similarly, the ICD changed from ICD-8 to ICD-10. Both of these conditions, as well as the quality of data, are considered identical for patients and controls. However, we believe we have taken all possible precautions when analyzing data.
In conclusion, this nationwide study identified a significantly increased morbidity in males and females, with childhood or AO GHD. For all the four subgroups, morbidity was significantly increased in infectious, cancer, endocrine, neurological, eye, ear, circulatory, pulmonary and urogenital diseases, trauma, and observations. Within the patients, females with AO GHD had a significantly increased morbidity compared with males. There was a significantly increased risk of fractures in females with AO GHD, but not in males. We consider the overall increased morbidity in the GHD patients as definitive. It remains to be clarified whether the increased morbidity can be modified by GH supplementation or optimized substitution of other axes.
